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;tested. Emphasis was on determining the threshold levels of toxicity to the
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The 96-hour DNB LC50's for fish ranged from 1.4 to 16.8 mg/L. Daphnis.
magna was less sensitive than any of the fish, with a 48-hour EC50 (based on
immobilization) of 27.4 mg/L. For rainbow trout (96-hour LC50 1.7 wmg/L),

p chronic toxicity was estimated using a 69-day early life stage test. The
range from the highest no-effect concentration to the lowest concentration
causing toxicant-related effects was 0.50 to 0.97 mg/L. Ju'~enile trout tested
in a 30-day exposure were even more sensitive, with a no effect-effect range
for wortality of 0.16 to 0.42 mg/L. Selenastruma capricornut.um was also
relatively susceptible to DNB, with toxic effects on growth occurring at 0.97
mg/L (but not at 0.26 mg/L) in a 5-day static exposure test.

The static acute LC5O's of DiNA for fish and D. magna ranged from 3.0 to
21.1 mg/L. The rainbow trout was most sensitive, a3nd a 71-day early life
stage test was conducted with this species. Toxicant-related effects were
found at concentrations of 0.65 iug/L and above, but were not observed at

'4k 0.37 .-19/L or less. Selenastrum carricornutum was the most sensitive of all
* species tested. Growth was inhibited at 0.13 mg/L (but not at 0.03 mgfL)

Jurins. a 5-day static test.

TNB wrs quite toxic to fish; all LC5O's were less than 1 iug/L (range 0.38
to 0.85 mg/L). The 48-hour EC50 for D. magna was higher (4.1 mg/L). A 21-day
chron~ic test with this species reveal~ed"TNB toxicity at concentrations of 0.75
mg/L and above but not 0.47 mg/L or bellow. Early life stage tests were
conducted with both fathead minnows (32 days) and rainbow trout (71 days).
Toxic thresholds for these species were similar; no effects were observed at a
concentration of 0.08 mg/L in both tests, but toxicity was evident at the next
higher concencration--0.i7 mg/L for rainbow trout and 0.12 mg/L for fathead
minnows. A toxic threshold was not found for S. capricornutum, since growth
reduction~s were observed at the lowest concentr-ation tested -(0.10 mg/L).

UNCLASIFIflD

SECURITY CLASSIFICATION OF THIS5 PAGErWIW.. D.~ ZRM04Uo



-a

ACKNOWLEDGEMENTS

Thanke are due to many individuals and groups that made contributions to
this project. The US Fish and Wildlife Service provided many of the fish used
in the toxicity tests. Bluegills came from the Harrison Lake Fish Hatchery,
while rainbow trout (both eggs and juveniles) came frota the National Fisheries
Center (Leetown, WV), the White Sulphur Springs National Fish Fatchery (White
Sulphur Springs, WV), and the Wytheville National Fish Hatchery (Max Meadows,
VA). Synthesis, purification, and toxicant concentration analyses were pro-
vided by the US Army Medical Bioengineering Research and Development Labora-
tory (USAMBRDL) chemists, including Dr. W.H. Dennis, Mr. A.B. Rosencrance, Mr.
E.E. Brueggemann, and Ms. T. Trybus. ILT S.G. Broich was instrumental to the
conduct of many of the toxicity tests. Others making substantial contribu-
tions included Mr. T.R. Shedd, Mr. R.C. Bishoff, PFC M.M. Skarwecki, and
SP5 E.C. Rawitz.

I Accession For

NT 'IS GRA&I
DTIC TAB
Un3nnnounced

rJustif ication-

Distribution/

Availability Codes
A%-il and/or

Dist Spccial

-I

A!



f.'

TABLE OF CONTENTS

INTRODUCTION .................................................. 5

MATERIALS AIT METHODS ..................................... 5
Test Chemicals and Analytical Chemistry ................................. 5
Toxicant Stock ouon.........................0

Dilutiun Water Quality...............................................10
Test 0rganis~s .................. f......****... ............. ...... ........ ..11I
Toxicant Diluter Operation...................*....*...*................*14
Test End Points and Data Analyses .......... ................. 14
Test Methodologies ...................................................... 16

RESULTS AND DISCUSSION .............. ................................ 21

1,3-Dinitrobenzen e....................................................32

CONCLUSIONS AND RECOMMENDATIONS .... . ........................... . ..... .. .43

• • ~~LITERATURE CITED ........................................ 7

DISTRIBUTION LIST ..................................... 5

TABLES

T~xicity of DiNA, DNR, and TNB to Aquatic Organisms................... 6

2. Aiualytical Chemistry Methods for TNB ................................... 7

3. Analytical Chemistry Hethcds for DJNB ..................... 8

4. HPLC Parameters for the Analysis of DiNA ............................... 9

5. Summary of Weekly Dilution Water Quality Measurements .................. 11
6. Annual Comprehensi"'e Dilution Water Analyses, 1980-1982 ................ a12

7. Information on Fish Used in Testing ................... .. 1

"8. Static Acute Test Results with DiNA .................................... 1

9. Measured DiNA Concentrations in the Rainbow Trout Early
Life Stage Test ....................................................... ff 2

lf0. Results of an Early Life Stage Test with Rainbow Trout and DiNA........ 23

11. Measured DiNA Concentrations in the Daphnid Chronic Test .............. 24

12. Results of a Chronic Toxicity Test with Daphnia magna and DiNA ......... 25

3



-e

13. Effects of DiNA on the Growth of Selenastrum capricornutum.I... ......... 26

14. Static Acute Test Results with DNE.................,...................26

15. Measured DNB Concentrations in a Rainbow Trout Dynamic Acute Test......28

16. Measured DNB Concentrations in the First Rp.in 1oow TroutEarly Life Stage Test ............................. 606 .........

17. Results of an Early Life Stage Test with Rainbow Tro-tc and DN......... 29

18. Measured DNB Concentrations in the Second Rainbow TroutEarly Life StageTet.................. ......... 3

19. Results of the Second Early Life Stage Test with Rainbow Trout

20. Effects of DUB on the Growth of Salenastrum. e icornutur,-....e.o.... 32

21. Static Acute Test Results with TNB....................................33

22. Measured TNB Concentrations in a Fathead Minnow Dynamic Acute Test ..... 33

23. Measured TNB Concentrations in a Rainbow Trout Dynamic Acute Test......34

24. Measured TNB Concentrations in a Fathead Minnow Early
Life Stage Test ......... ....................... 5

25. Fathead Minnow Early Life Stage Test Resul~s..........................36

26. Measured Concentrations in the First Rainbow Trout
Early Life Stage Test with TNB..... . .................................. 37

27. Results of the First Early Life Stage Test with TNBand Rainbow Trout* ............ °..................8

28. Measured THE Concentrations During the Second Rainbow
Trout Early Life Stage Test............ ... .......... . ................. 9

29. Results of the Second Early Life Stage Test with
Rainbow Trout andTN,.........................0

30. Combined Results from Two Rainbow Trout Early Life Stage Tests

with TNB for End Points Analyzed Statistically.........................41

31ý Measured TNB Concentrations During a Daphnid Chronic Test..............41

32. Results of a Chronic Toxicity Test with Daphnis magna and TNB .......... 42

33. Effects of TNB on the Growth of Selenastrum capriconuitum., .......... .42

34. Toxicity of DiNA to Aquatic Organisms ................................. 44

35. Toxicity of DNB to Aquatic Organ.sms.o ................................ 45

36. Toxicity of TKB to Aquatic Organisms ................................... 46

-4

I-4



INTRODUCTION

The US Army Medical Research and Development Cnamand has responsibility
for assessing the possible health and environmental hazards associated with
materials released during the production of manitions-related materials at
Army ammunition plants. One such material is the explosive 2,4,6-
trinitro".oluene (TNT). During the continuous manufacturing process for TNT, a
"red water" waste is produced that is concentrated through a distillation
process. The distillate, known as condensate wastewater, contains a large
number of nitroaromatic by-products a~nd has in the past received minimal
treatment before being discharged into receiving bodies of water. The purpose
of this investigation was to determine the toxicity to freshwater aquatic
organisms of three components of condensate wastewater: 1,3-dinitrobensene
(DNB), 3,5-dinitroaniline (DiNA), and I.,3,5-trinitrobenzene (TNB). The latter
two compounds are also formed in aquatic systems as by-products of the photo-
lysis of TNT.1 DNB is the third largest component of condensate wastewater,
after 2,4- and 2,6-dinitrotoluene. Extensive work on the toxicity of 2,4-
dinitrotoluene to aquatic organisms has already been conducted, along with
some preliminary tests with 2,6-dinitrotoluene. 2

Further investigations have explored the toxicity of an artificial 30-
component condensate wastewater and the acute toxicity of each individual

compound in the condensate mixture to aquatic organisms. 2  The results of
these testes with DNB, DINA, and TNB, along with other data from the literature
on these three materials, are given in Table 1. From these rather limited
data, DINA would appear to be the least toxic of the compounds.

The present study utilized four fish species, ene aquatic invertebrate,
"and one planktonic alga in an attempt to define the toxic threshold' of DINA,
DNB, and TNB to these aquatic organisms. Preliminary static acute tests with
each species were followed by additional tests with the species found to be
most sensitive to the toxic effects of each compound. These other evaluations
included dynamic (flow-through) acute, early life stage (fish), and chronic
(Daphnia magna) toxicity tests. The algal toxicity tests were done under
contract, and the results were provided in a lett.er report. 3

MATERIALS AND METHODS

TEST CHEMICALS AND ANALYTICAL CHEMISTRY

DNB and TNB were synthesized and purified by USAMBRDL chemists. DINA was
obtained from Aldrich Chemical Company (approximately 91 percent pure) and
further purified by recrystallization from ethanol. The final purity of all
test chemicals was in excess of 99,- percent.

Analytical methods used for TNB, DNE, and DINA are shown in Tables 2, 3,
and 4, respectively. Blind spike samples, consisting of a known amount of
toxicant dissolved in dilution water. were generally provided with each sample
set taken during a test, Since average percent recoveries for these spike
savples were nearly all between 90 and 100 percent, reported concentrations
were not corrected for percent recovery.

5
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TAILI 1. TOXICITY OF MUA, On1, AND TUl TO AQUATIC OSGANIRNI

nd Point

Concenttrtion
mg/L (951

Period of Confidence
Compound speclee bpoeure td Point Limits) kf.

MINA, Water ?lea (_gmia as r) 48 hr IC50 13.4 •13.5-18.0) 2

pathead Minnow (limephole 96 hr LCSO 21.8 (19.1-31.3) 2

DNA lluefroen Alla (micro- Not Threshold for 0.17 6
cynti maerumin T) availfable inhibition -f

cell multiplication

Green Alga (Scanedeamus 7 days Threshold for 0.7 7
quadricauda) inhibition of

cell multiplication
Protozoon (_toephon 72 hr Threahold !or 0.76 7
oulcarum• inhibition of

cell *jltiplication

Fathead Minnow (Pisuphales 96 hr LCSO 7.0 (1.8-8.1)

Fathead Minnow (Plasphalee % hr LCSO 12.7 (9.7-16.2) 10
promla)

IAdb4lly Dca (2.roaomus 6 hr Lethal throahold 6-10 a
op.)

Golden Orfe (Lentiscue idus Not LC5O 10 9
melanotus) available

Bacteria (Pseudomonas 16 hr Threshold for 14 7
putida) inhibition of

cell multiplication

Water Flea (Daphnisa hagna) 48 hr LC50 49.6 (42.5-59.2) 2

TNB Fathead Minnow (Pimephales 96 hr LCSO 1.1 (1.0-1.2) 2
promelas)

Water Flea (Daphnis mgna) 48 hr LC5O 2.7 (2.4-3.1) 2

"- k
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TABLE 4. HPLC PARAMETERS FOR THR ANALYSIS OF DWA

Changes for Rainbow Trout
Early Life Stage and

Standard Conditions Water Flea Chronic Tests

Column: 3.9 - ( ID) by 30 cm

C1 8 jaBondapak

Mobile Phase: 652 methanol/352 water 632 methanol/37Z water

Loop Size: 50 iAL 100 PL

Detector: UV, 250 0a

Flow Rate: 1.5 aL/in 1.1 L/ain

Internal Standard: Nonc used; constant
volume injections

Retention Time: 3.91-4.03 min

Sensitivity: 0.04 0.02

Pressure: 14 NPa

Blind Spike Results

Average percent 82 100a
Recovery

Range 72-92 88-113

n 4 18

a. One spike (682 recovery) ew..'luded; sample preparation error suspected.

In the fathead minnow static acute test, a gas chromatograph was used
instead of the HPLC to measure test concentrations. A 1awlett Packard Model
5830 gas chromatograph was equipped with a nitrogen-phosphorus detector and a
183 cm by 2 -m (ID) column packed with 3 percent OV-210. The temperature was
220 0 C (isothermal), and the internal standard was TNI. Two blind spikes
measured with this method had recoveries of 93 and 94 percent.

Analytical methods used in the algal toxicity tests have been described
elsewhere.4 Spike samples for these tests *were made from a 1:20 dilution of
the stock solution in algal assay medium. Percent recoveries for TNB, DiNA,
and DNB were 85.2, 95.2, and 88.9, respectively. 5

9



TOXICANT STOCK SOLUTIONS

Test solutions were prepared by diluting stock solutions of the test
compounds. Stock solutions were made either in dilution water or in dimethyl-
formamide (DMF). Stock solutions in water were made by adding excess toxicant
to aerated well water, stirring for 24 to 72 hours, and filtering the solution
to remove the remaining crystals. Distilled water was substituted for well
water only if the stock solution made up less than about 1 percent of the test
solution volume.

Stock solution concentrations were determined with a Beckman Acta V ultra-
violet spectiophotometer. The solutbilities of the three test compounds in
well ,;mter at room temperature (20 to 23 0 C) were: TNB - 433 Vmq/L (range 397
to 461, n-8); DNB - 419 mg/L (range 371 to 463, n-7); and DINA - 185 mg/L
(range 166 to 196, n-6).

Stock solutions were prepared in DHF when extremely large quantities of
aqueous stock solutions would otherwise have been required. All three test
compounds dissolved readily in DMF. With TNB and DNB, DMF stock solutions
were used only for the rainbow trout dynamic acute tests. DiNA was much less
soluble in well urter, so DMF was used as a carrier solvent in all tests
except the rainbow trout static acute test and the daphnid tests.

When 1MV1 was present, a control treatment with DMF present was included.
Since DMF concentration increased with increasing toxicant concentration, the
amount of DKF in this control was set equal to the amount of DMF present at
the highest toxicant treatment level. The maximum concentration or DMF used
was 0.5 mL/L in the static acute tests and 0.1 mL/L in flow-through tests.

k)DILUTION WATER QUALITY

Test solutions were made by mixing appropriate amounts of the stock solu-
tions with dilution water. The dilution water was obtained from a 62-M
well. Water was pumped through a spray nozzle (for aeration) into a 750-L
reservoir tank. A second pump then sent the water through a 5-P cellulose
acetate cartridge filter, an ultraviolet bterilizer, and temperature adjust-
ment equipment and then to the testing facility.

Because the well water is very hard, some prec!ipitation of calcium carbon-
ate was noted from fresh well water. To help prevent this, a water softening
system was added to reduce the hardness of the water. For the tests listed in
Table 5 (note a), flow reducers were used to deliver a mixture of 60 percent
raw well i:ter and 40 percent softened well water through the spray nozzle
into the -eservoir tank.

During the period of testing, weekly measurements were made of well water
pH, hardness, alkalinity, total organic carbon, suspended solids, and
ammonia. A summary of these data is given in Table 5. Test-specific meas-
urements of pH, temperature, and dissolved oxygen concentration are discussed
later in this report. More comprehensive analyses of well watet are provided
in Table 6. Nearly all the potentially toxic metals and organics were at non-
detectable levels. The sporadic presence of DDD is an exception, but the
concentration levels (maximum 40 ng/L in 1980) were extremely low. The rela-
tively high levels of sodium in 1982 are related to the use of the water
softener.

10



TABLE 5. SUMMARY OF WEEKLY DILUTION WATER QUALITY MEASUREMENTS

Mean Number of
Parameter Valhe Range Observations

pH 7.8 7.5-8.2 28

Hardness 290 228-339 38
(mg/L as CaCO3) 177a 159-194 30

Alkalinity 216 163-276 72
(to pH 4.5, mg/L as CaCO3 )

Conductivity (vmhos/cm) 6 6 0 b 450-825 48

Total Organic Carbon (mg/L) 7.8 1-25 50

Suspended Solids (mg/L) 3.3 0-20c 60

Unionized Ammonia (Vg/L) <35 43

a. Includes data from these tests: rainbow trout early life stage tests with
DINA, DNB, and TNB; water flea chronic tests with DiNA and TNB.

b. During the rainbow trout early life stage test with TNB, the mean
conductivity was 920 umhos/cm (range 720-1250, n-10).

c. Few high values attributed to occasional flakes of carbonate material from
water delivery lines.

The only fish or invertebrate culturing difficulty that seemed related to
water quality was sporadic instances of neonate daphnids becoming caught in
the surface film. These "floaters" never occurred in more than a few of the
flow-through cultures at any one time. The problem was virtually eliminated
by extra aeration of the well water and may have been related to a slight
supersaturation of the water with gases, although dissolved oxygen concentra-
tion levels were always below the saturation point.

TEST ORGANISMS

Specific information on fish used in testing is given in Table 7. Fish
were fed Rangens trout food pellets during holding. The higher loading levels
were used successfully in the rainbow trout flow-through studies due to the
greater turnover of test solution in these studies. Durotest Optima 5 0 R *
wide spectrum fluorescent bulbs (color rendering index of 91) were used with
all organisms (including fish) during both holding and testing. The photo-
peiio0 was always 16 hours light and 8 hours dark.

* Use of trademarked name does not imply endorsement by the US Army, but is
used only to assist in identification of a specific product.

11O11



TABLE 6. AN11UAL COMPREHENSIVE DILUTION WATER ANALYSES, 1980-1982

Chlorinated Hydrocarbons

Parameter ConcIntrat gL,) Parameter Concentration Detection iUmit
1980 91900 1981 1982 (pg/L)

Ammonia (not N) 0.33 0.49 0.03 Aldrin Xb x X 0.02
Nitrite (as N) <0.01 -r <0.02
Nitrate (as N) 0.02 - 0.45 p,p'-DDT x x X 0.02
Chloride - - 91.5 o,p-DDT X X X 0.02
Fluoride 2.0 0.18 0.33 DDD 0.04 X 0.026 0.02
Sulfate 39.2 37.6 46.8 Dieldrin T X X 0.02
Aluminum 0.047 <0.005 <0.002 Endrin x x X 0.02
Bavium 0.140 0.097 0.113 Heptachlor 7 x 0.02
Boron <1.5 - - Heptachlor
Cadmium 0.0004 <0.001 <0.001 Epooxide X X x 0.02
Calcium 73.8 58.0 45.7 Lindane X x X 0.01
Cobalt <0.003 <0.005 <0.004 Chlordane X x x 0.20
Copper <0.02 <0.005 <0.003 Alpha-BHL X X X 0.01
Iron <0.03 <0.005 <0.003 Beta-BHC T - X 0.02
Lead <0.001 <0.002 <0.002 Delta-BHC X - X 0.01
Magnesium 23.2 17.3 15.5 Toxaphene X X X 1.0
Mangsaese <0.02 <0.005 - Nethoxychlor X x x 0.20d
Mercuary <0.001 <0.005 <0.0005 Polychlorinated
Potassium 0.60 3.3 1.2 Biphenyls - <0.1 <0.001 -

Silicon 6.10 5.6 5.4
Silver <0.05 - -
Sodium 30.2 52.0 119.0
Tin <0.002 -

Zinc 0.282 <0.005 <0.02

a. Sample taken In 1982 was afterF sw-intch-from veil water to 60% well water plus 40?
coftened well water.

b. X - below detection limit; T - trace (detectable peak, but below detection limit and not
quantifiable). Concentrations reported In $ig/L.

c. Not measured.
d. Detection limit 0.02 ug/L in 1982.

12
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Daphnids (Ds2hnia magna) were zaised in an in-house culture unit. Daph-
nids used ia the static acute tests were obtained from stock cultures held in
19-L aquaria containing 15 L of well water. The temperature was 20 0 C (range
19 to 21), and the lighting had an average intensity of 625 lux (range 538 to
732). Dissolved oxygen levels were maintained by gently bubbling air through
the cultures. Daphnids were fed a mixture of trout food (US Fish and Wildlife
Service PR-li formulation) and yeast at a concentration of 30 mg/L (dry
weight) once per day (Monday through Friday), but only if food from the
previous feeding had been mostly cleared from the water. Cultures were
restarted in fresh well water every three weeks. Paphnids from cultures
having ephippia, excessive mortality, or very low reproductive rates were not
used in testing.

Daphnids used in chronic testing were raised differently. Stock daphnids
were housed in 2-L tanks with 10 daphnids per tank. Aerated well water flowed
through the tanks at a rate of two tank volumes per day. Temperature was
maintained at 20 0 C (range 19 to 21), and light intensity was 150 to 350 lux.
Daphnida were fed twice each day, seven days per week with vitamin enriched
Ankistrodesmus falcatus using the methods of Goulden et al. 1 1 Feeding levels
were approximately 2 mg/L (dry weight) in the morunng and 4 ug/L in the after-
noon. Young were rnmoved from the tanks every Monday, Wednesday, and Friday.

TOXICANT DILUTER OPERATION

Flow-through toxicity tests were conducted using proportional diluters
constructed as described in Lemke et al. 12 No neoprene stoppers were used,
however, and glass-glass connections were made using only silicone glue or
heat-shrinkable perfluoroc;rbon tubing. Toxicant atock solutions and, where
appropriate, solvetit control stock eolutions ,Aere au orzatically delivered into
the diluter system 4hrough Lab Industries Repipettes-, which weie avnilable in
sizes capable of delivering from 0.01 to 30 mL per cycle. The Repipettes
provided a calibrated amount of stock solution with each diluter 0.ycle. Dilu-
tion water from the W1 chamber filled a bucket attached to a rod. The weight
of the bucket rorced the Repipette plunger down against a spring, delivering
the toxicant into the Ml mixi•g chamber. The bucket then emptied through a
belf-startir4 siphon into the Ml chauber, and the Repipette was recharged with
fresh toxicant solution es the rod returned to the up positlun. Daily meas-
urements were made of stock solution usage rates and the cycle time of the
diluter to ensure proper operation. Flow rates irto 4he test tanks provided
six tank volumes of test solution par day for fish dynamic acute and early
life stage tests (diluters provided 0.5 L/treatwent level/cycle) and two tank
volumes per day for the daphnid tests (diluters provided 0.23 L/treatment
level/cycle).•

TEST END POINTS AND DATA ANAL..YSES

A fish was considered dead when ventilatcy movements ceased and the fish
failed to respond to gentle prodding. LC5Os (and their 95 pe~rcent confideace
limits) for mortality were determined using a computer progran developed by
C. Stephan.1 3  The binomial method for estimating LC50o w•ts uoed when there
were less than two concentrations at which mortality was between 0 and 100
percent. Confidence limits generated with this method are actually Srea.er
than 95 percent (e.g. 97 or 99 percent); however, they are uped here a^ con-
servative estimates of the 95 percent limits. Moving average or probit
methods were used for determining LC50s when two or more responses between 0
and 100 percent occurred in a test. Probit results were recorded when the
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goodness of fit probability of the data to the probit model was greater than
0.05. Moving average LC5O estimates were used if the probit goodness of fit
was less than 0.05.

With daphnlds, immobilization was used as an end point instead of death.
Especially with daphnids exposed to DINA, it was difficult to determine
-hether a daphnid was dead or immobilized without microscopic examination.
The analysis of the mortality data was the save as with fish, except that an
EC50 was calculated rather than an LC5O.

The following end points were monitored during the fish early life stage
tests: egg hatchability, days to 50 percent hatch, days to 50 percent swir-up
(rainbow trout only, measured from the 50 percent hatch day), fry survival,
overall survival, standard length and weight (measured at the end of the
test), fry deformities (percent), and behavioral effects. Days to 50 percent
hatch and swim-up and behavioral effects could not be analyzed statisti-
cally. When statistical differences were monitored, an initial chi square
test for heterogeneity was applied to the data from replicate exposure tanks
to determine if the replicates could be pooled. For the growth parameters,
sample size was adjusted downward when heterogeneity was detected, according
to the methods of Feder. 1 4

For the count variables, including egg hatchability, fry survival, overall

survival, and fry deformities, a multiple comparison statistical approach was
used to determine which treatment groups were significantly different from the
controls. (In one early life stage test, solvent controls were used in addi-
tion to water controls. Significant differences between the controls were not
found for any parameter, so statistical comparisons were made using pooled
water and solvent control groups.) A succession of 2 x 2 contingency table
tests of homogeneity between each treatment group and the controls were done
based on a one-tailed Fisher's exact test. Bonferroni's method was used to
adjust for simultaneity. Growth measurements (standard length and weight)
were analyzed using a one-way analysis of variance. Dunnetts multiple com-

parison procedure was used for detecting significant treatment effects as
compared to the controls.

The following end points were monitored in daphnid chronic tests:
immobilization, young per replicate tank, young per female per reproductive
day (total young divided by the total days that the daphnids were alive after
the onset of reproduction in the test tank), and growth (length from the apex
of the head to the tip of the caudal spine). For these data, the General
Linear Models program of the Statistical Analysis System1 5 was used to gener-
ate a non-linear regression model (response vs. log [concentration]), from
which concentrations eliciting a given response (eeg. an EC50) could be esti-
mated. In this report, the results of pair-wise comparisons between treat-
ments and the controls generated, using the General Linear Models program, are
reported by indicating those treatments that produced significant differences
(p-0.05) from the controls. 7

Growth, measured in terms of cells per milliliter, was monitored during
the algal toxicity testing procedures. Significant differences in growth from
the controls were evaluated after 5 and 14 days of exposure to toxicants.
Five- and 14-day no-effect concentrations were determined using a one-way
analysis of variance, with Williams' procedure 1 6 used for pair-wise tests for
significant differences from the controls.
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In addition, 5-day algistatic concentrations were determined. Algistatic
toxicant concentrations are defined as those at which algal cell numbers were
virtually unchanged from initial inoculum levels after 5 days of exposure, but
which allowed logarithmic growth to resume over a 9-day period after the algae
were transferred to growth medium that did not contain toxicant. 1 7  Toxicant
treatments that prevented a return to logarithmic growth were considered to
have been algicidal.

TEST METHODOLOGIES

Static Acute Tests

For both fish and daphnid tests, static acute methods generally followed
those recommended by the American Society for Testing and Materials. 18 Fish
to be used in testing were acclimated to the well water for the periods indi-
cated in Table 7. Fish were not used in testing if they had any symptoms of
disease within 10 days of the start of the test, or if more than 2 percent of
the fish died within the 48 hours preceding the start of the test. Fish were
transferred from stock tanks into holding tanks 48 hours prior to the start of
a test and were not fed during this time. The fish were then randomly
assigned to a test jar in groups of three to four. 1 9  There were three jars of
10 fish or tw jars of 15 fish per treatment level, depeniing on the size of
the fish. Test jars were randomly assigned to positions in the water bath. 1 9

Fish were tested in 19-L glass jars containing 14 L of test solution.
Four or five toxicant concentrations plus controls were used in each test.
The concentrations were in a logarithmic series (ratios of 1.0, 1.8, 3.2, 5.6,
10.0), with the estimated LC50 at the "3.2" point. Temperature was held
within one degree (Celsius) of the holding temperature (Table 7) by keeping
the jars in a water bath. Water bath temperature was monitored with a 7-day
temperature recorder, and temperatures were checked daily in one test jar.
Lighting was of the same quality and photoperiod as was used during holding,
but during some tests light intensity was higher. A maximum of 1900 lux was
recorded during testing as compared to a maximum of 350 lux during holding.
The pH and dissolved oxygen concentrations were measured after 0, 48, and 96
hours in one replicate of the control and in low, medium, and high toxicant
concentrations. Aeration was initiated in all jars if the dissolved oxygen
level fell below 40 percent of saturation at the test temperature. Other
aspects of dilution water quality are summarized in Tables 5 and 6 and were
discussed earlier.

Toxicant concentrations were measured, at a minimum, at the beginning and
end of each test in the controls and the low, medium, and high concentra-
tions. Mean measured concentrations at each treatment level were used in all
data analysis procedures. When toxicant concentrations were not measured at
all treatment levels, remaining nominal concentrations were multiplied by the
average ratio of measured to nominal concentrations.

Loading levels tgrams of fish per liter of solution) during the test are
shown in Table 7. The levels are, in general, higher than the recomended
0.8 g/L.18

The testing approach used in daphnid static acute tests was, in many ways,
identical to that used in the fish static acute tests. Only aspects unique to
daphnid tests or different from the fish static acute tests are described.
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Daphnids to be used in testing were obtained from females isolated from stock
cultures less than 24 hours before the start of a test. Trout chow and yeast
food was provided to these adults and their neonates up to the tine that the
young were pooled for testing. Neonates were transferred with an eyedropper
having a fire-polished bore at least 2 -m in diameter. After pooling, daph-
nids were randomly assigned to positions in the testing water bath. Daphnids
were moved in groups of two and three into 200 mL of test solution in 250 UL
borosilicate glass beakers until each beaker contained five daphnids. Six
beakers (30 daphnids) were used at each treatment levwl.

Test solutions were prepared in well water which had been aerated prior to
use to ensure that dissolved oxygen levels were 90 to 100 percent of satura-
tion. Samples of test solution for toxicant concentration measurement were
taken at the beginning and end of the test. Test duration was 48 hours.

Dynamic Acute Tests

Dynamic (or flow-through) acute tests were conducted only with fish. The
goal of these tests was ro determine a long-term LCSO and to check for evi-
dence of cumulative toxicity. The lengths of these tests varied from 10 to 30
days.

Fish were obtained and randomized to test tanks, and the test tanks were
randomized into a water bath, as described for the static acute test proced-
ures. Fish loading levels did not exceed recommended 1 8 levels of 10 g/L or
I g/L/day. Fish were not fed for the 48 hours preceding a test, nor were they
fed for the first 96 hours of the test in order to duplicate static acute test
conditions. After 96 hours, fish were fed the same food as they had been
given during acclimation once each day, ad libitum.

Fish were tested in 19-L aquaria which contained 15 L of test solution.
The aquaria msasured 40 cm by 20 cm by 25 cm with a drain hole at a height of
19 cm. Two replicate tanks with 15 fish per tank were used at each of five
treatment levels. (Two replicates of 10 fish each were used in the TNB
dynamic acute test with rainbow trout.) Controls and, when appropriate,
solvent controls were included.

The pH and dissolved oxygen concentrations were monitored in one replicate
of each treatment level every day. Water bath temperature was monitored

continuously and was checked with a thermometer in two test tanks daily.
Temperatures were maintained within one degree Celsius of the hulding tempera-
ture in all tests except the rainbow trout test with DNB. In this test, a
water chiller malfunction caused temperatures in the test tanks to rise to
14.7 0 C (the target was 120 C) on two of the 30 days of the test.

Dynamic acute test dissolved oxygen concentrations remained In excess of
60 percent of saturation, and aeration of the tanks %s not required. The
only exception was in the TNB dynamic acute test with fathead minnowa, where a
diluter malfunction caused a reduced flow of test solution to the tanks over-
night and resulted in oxygen concentrations as low as 37 percent of satura-
tion. No mortality (either immediate or delayed) could be associated with
this incident.

Toxicant concentrations were determined analytically in at least one
replicate of all treatment levels at the begtnning of the test and weekly
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